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(54) THIN FILM DEPOSITION METHOD AND THIN FILM DEPOSITION APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an apparatus for depositing 
a thin film on an inner wall of tubular members in an easy manner 
without depending on the inside diameter and the number of the 
tubular members. 

SOLUTION: A rear part in the longitudinal direction X of the tubular 
member 20 is evacuated by a pressure difference generating means 
2 comprising a pressure adjustment tank 2-1 and a pump 2-2. The 
pressure is set to < 1/1 0 of the pressure in a forward part in the 
longitudinal direction X of the tubular member 20. Plasma reaction 
gas generated by applying the predetermined voltage from a DC 
power source 5 and a high-voltage pulse power source 6 to raw 
gas introduced in a film deposition chamber 1 from a gas 
introduction hole 7 is efficiently introduced into the tubular member 
20 by utilizing the pressure difference in the forward part and the 
rear part in the longitudinal direction X of the tubular member 20. 
The plasma reaction gas is chemically synthesized on the inner wall 
of the tubular member 20 to manufacture a thin film. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] While being the approach of producing a thin film by plasma CVD on the internal surface of a tubular 
member and arranging said tubular member in predetermined plasma-CVD equipment Produce a pressure 
differential before and after the longitudinal direction of said tubular member, and plasma reactant gas is made 
to flow in said tubular member according to said pressure differential. The thin film production approach 
characterized by making said plasma reactant gas compound chemically, and producing said thin film on said 
internal surface of said tubular member. 

[Claim 2] The pressure differential before and behind said longitudinal direction of said tubular member is the 
thin film production approach according to claim 1 characterized by making it generated by setting the pressure 
of said longitudinal direction back section or less to 1/10 to the pressure of said longitudinal direction front 
section. 

[Claim 3] The thin film production approach according to claim 1 or 2 characterized by making it make it flow 
in said tubular member, having produced the predetermined magnetic field in said longitudinal direction of said 
tubular member, and catching said plasma reactant gas by said predetermined magnetic field. 
[Claim 4] Said predetermined magnetic field is the thin film production approach according to claim 3 
characterized by making it converge in a direction vertical to said longitudinal direction of said tubular member 
so that it may become smaller than the bore of said tubular member. 

[Claim 5] The thin film production approach according to claim 3 or 4 that magnitude of said predetermined 

magnetic field is characterized by being more than 2.0x1 0-7/rT to the bore r of said tubular member. 

[Claim 6] The thin film production approach according to claim 1 to 5 which is made to produce predetermined 

electric field in said longitudinal direction of said tubular member, and is characterized by making it make said 

plasma reactant gas flow in said tubular member according to said predetermined electric field. 

[Claim 7] The thin film production approach according to claim 6 that magnitude of said predetermined electric 

field is characterized by being 20 - 200 kV/m. 

[Claim 8] Said bore of said tubular member is the thin film production approach according to claim 1 to 7 
characterized by being 0.001 -1mm. 

[Claim 9] Said thin film is the thin film production approach according to claim 1 to 8 characterized by 
consisting of diamond or diamond-like carbon. 

[Claim 10] Thin film production equipment which is equipment which produces a thin film by plasma CVD on 
the internal surface of a tubular member, is made to produce a pressure differential before and after the 
longitudinal direction of said tubular member to predetermined plasma-CVD equipment, and is characterized by 
establishing a pressure-differential generation means by which plasma reactant gas was made to flow in said 
tubular member according to said pressure differential. 

[Claim 11] Said pressure-differential generation means is thin film production equipment according to claim 10 
characterized by setting the pressure of said longitudinal direction back section of said tubular member or less 
to 1/10 to the pressure of said longitudinal direction front section. 

[Claim 12] Thin film production equipment according to claim 10 or 1 1 characterized by establishing the 
magnetic field generation means it was made to make flow in said tubular member, having produced the 
predetermined magnetic field in said longitudinal direction of said tubular member, and catching said plasma 
reactant gas by said predetermined magnetic field to said predetermined plasma-CVD equipment. 
[Claim 13] Said magnetic field generation means is thin film production equipment according to claim 12 
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characterized by completing said predetermined magnetic field in a direction vertical to said longitudinal 
direction of said tubular member so that it may become smaller than the bore of said tubular member. 
[Claim 14] Thin film production equipment according to claim 10 to 13 which is made to produce 
predetermined electric field in said longitudinal direction of said tubular member, and is characterized by 
establishing an electric-field generation means by which it was made to make said plasma reactant gas flow in 
said tubular member according to said predetermined electric field to said predetermined plasma-CVD 
equipment. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thin film production approach and thin film production 
equipment to the internal surface of a tubular member which can be suitably used as a wear-resistant thin-layer- 
coating means in detail about the thin film production approach and thin film production equipment. 
[0002] 

[Description of the Prior Art] The hard film, for example, the diamond film, and a diamond-like carbon film are 
formed on a predetermined base material, and things are performed for giving abrasion resistance to said 
predetermined base material. And in recent years, the attempt which forms said hard film to the internal surface 
of the tubular member which can consider the application to many products is made. 

[0003] Formation of the hard film introduces material gas, such as methane, in a plasma reactor with carrier gas, 
such as hydrogen gas, etc., by microwave, a RF, etc., it excites said material gas, generates plasma reactant gas, 
and is carried out using the so-called plasma-CVD method make a chemical reaction perform on said 
predetermined base material. However, although a plasma-CVD method can form the predetermined hard film 
in homogeneity to the member of plate-like part material or a configuration simple in addition to this, since said 
plasma reactant gas to each component surroundings being crowded of a method became inadequate to the 
member of complicated configurations, such as an internal surface of a tubular member, it was not able to form 
the uniform hard film. 

[0004] In view of this point, the electrode which becomes the interior of a tubular member from graphite 
material is arranged in JP ,62- 136569, A, and to form plasma reactant gas directly from material gas inside said 
tubular member is tried. According to this approach, since said a lot of plasma reactant gas can be supplied on 
the internal surface of said tubular member, the comparatively thick hard film can be formed on said internal 
surface at simple and homogeneity. 
[0005] 

[Problem(s) to be Solved by the Invention] However, it is necessary to prepare a graphite electrode smaller than 
the bore of a tubular member, and in the above-mentioned approach, if the bore of said tubular member 
becomes very small, the production will become very difficult. Moreover, if two or more tubular members tend 
to be prepared and it is going to form the hard film simultaneously to these internal-surfaces top, it will be 
necessary to prepare the graphite electrode according to the number of said tubular members. Consequently, 
while the configuration of the whole plasma-CVD equipment became complicated, there was a problem that the 
making process of the hard film became very complicated. 

[0006] This invention aims at offering a means to produce a thin film on the internal surface of said tubular 
member very simply, without being dependent on the magnitude of the bore of a tubular member, or its number. 

[0007] 

[Means for Solving the Problem] While this invention is the approach of producing a thin film by plasma CVD 
and arranges said tubular member in predetermined plasma-CVD equipment on the internal surface of the 
tubular member which has the base in which opening was formed that the above-mentioned object should be 
attained Produce a pressure differential before and after the longitudinal direction of said tubular member, and 
plasma reactant gas is made to flow in said tubular member according to said pressure differential. It is related 
with the thin film production approach characterized by making said plasma reactant gas compound chemically, 
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and producing said thin film on said internal surface of said tubular member. 

[0008] Moreover, this invention relates to the thin film production equipment which is equipment which 
produces a thin film by plasma CVD on the internal surface of the tubular member which has the base in which 
opening was formed, is made to produce a pressure differential before and after the longitudinal direction of 
said tubular member to predetermined plasma-CVD equipment, and is characterized by to establish a pressure- 
differential generation means to by_which plasma reactant gas was made flow in said tubular member 
according to said pressure differential. 

[0009] this invention persons inquired wholeheartedly that the above-mentioned object should be attained. 
Consequently, it found out that the above-mentioned object could be attained by forming a pressure differential 
before and after the longitudinal direction of the tubular member which should form a predetermined thin film, 
and making the plasma reactant gas which excited and obtained predetermined material gas in said tubular 
member using this pressure differential flow. 

[0010] That is, in the conventional plasma-CVD method, after having introduced said predetermined material 
gas in equipment, exciting it and making plasma reactant gas generate, said plasma reactant gas was supplied on 
the predetermined part, for example, the internal surface of a tubular member, by the convection current of said 
material gas. On the other hand, he is trying according to the thin film production approach and thin film 
production equipment of this invention, to prepare a pressure differential before and after the longitudinal 
direction of said tubular member with a pressure-differential generation means, as mentioned above. 
[001 1] Therefore, compared with the plasma-CVD method using the conventional convection current, a lot of 
plasma reactant gas can be supplied on the internal surface of said tubular member. Consequently, on the 
internal surface of said tubular member, said plasma reactant gas can be made to be able to react chemically 
enough, and the target thin film can be formed simply. 

[0012] Thus, according to the thin film production approach and thin film production equipment of this 
invention, since plasma reactant gas is introduced in a tubular member using a pressure differential, when the 
bore of said tubular member is small enough, said plasma reactant gas can be introduced efficient, and thin film 
formation can be simply performed to an internal-surface top. 

[0013] Moreover, since it is not necessary to prepare an electrode etc. for every tubular member, the target thin 
film can be simultaneously formed on the internal surface of two or more tubular members, and thin film 
production effectiveness can be raised greatly. 

[0014] In the desirable mode of this invention, it is desirable to make it flow in said tubular member, 
establishing a magnetic field generation means, producing a predetermined magnetic field in the longitudinal 
direction of said tubular member, and catching said plasma reactant gas by said predetermined magnetic field. 
By this, since the inflow rate into the tubular member of plasma reactant gas increases, said plasma reactant gas 
can be more efficiently introduced in said tubular member. 

[0015] Furthermore, it is desirable to form an electric-field generation means in this invention in other desirable 
modes, to produce predetermined electric field in the longitudinal direction of said tubular member, and to 
introduce said plasma reactant gas in said tubular member according to said predetermined electric field. Also 
in this case, since the inflow rate into said tubular member of said plasma reactant gas increases, said plasma 
reactant gas can be more efficiently introduced in said tubular member. 

[0016] In addition, with the above-mentioned electric- field generation means, said material gas can be excited 
and plasma reactant gas can also be generated. In this case, since it is not necessary to establish an additional 
excitation means in order to generate plasma reactant gas, while the configuration of the whole equipment is 
simplified, a thin film making process can be simplified. 
[0017] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail based on the gestalt of 
implementation of invention, making it connected with a drawing. 

[0018] Drawing 1 is drawing showing an example of the thin film production equipment of this invention. The 
thin film production equipment shown in drawing 1 is equipped with the header tank 2-1 as a pressure- 
differential generation means connected and formed in the membrane formation room 1 and this membrane 
formation room 1 and a pump 2-2, the coil 3 as a magnetic field generation means, and the anode plate 4-1 and 
cathode 4-2 as an electric-field generation means. An anode plate 4-1 is grounded and DC power supply 5 and 
the high voltage pulse power source 6 are connected to cathode 4-2. 
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[001 9] Moreover, the pump 8 as an exhaust air means is formed in order to hold the inside of the gas 
installation hole 7 for introducing predetermined material gas into the membrane formation room 1, and the 
membrane formation room 1 to a predetermined degree of vacuum. Furthermore, a pressure gage 9 and an 
aperture 10 are formed, and it is constituted so that the monitor of the degree of vacuum in the membrane 
formation room 1 and die condition of plasma reactant gas can always be carried out. The tubular member 20 is 
fixed and installed [ above cathode 4-2 ]. 

[0020] Thin film production of a up to [ the internal surface of the tubular member 20 ] is carried out as follows. 

[0021] More nearly first than the gas installation hole 7, after exhausting the inside of the membrane formation 
room 1 to a predetermined degree of vacuum with a pump 8, predetermined material gas is supplied in the 
membrane formation room 1 . And it accompanies with exhaust air with a pump 8, and the inside of the 
membrane formation room 1 is held to a predetermined degree of vacuum. In addition, it acts as the monitor of 
the degree of vacuum with the pressure gage 9 formed in the membrane formation room 1 . 
[0022] Subsequently, impressing a predetermined DC bias by DC power supply 5, by impressing a 
predetermined pulse voltage from the high voltage pulse power source 6, said material gas is excited and plasma 
reactant gas is generated. 

[0023] Subsequently, four to cathode 2 perimeter in which the tubular member 20 was installed through the 
pressure regulation layer 2-1 from the pump 2-2 is exhausted, and a pressure differential is produced before and 
after the longitudinal direction X of the tubular member 20. As for the pressure differential before and behind 
the longitudinal direction X of the tubular member 20, it is desirable to set up so that the pressure in the back 
section of the longitudinal direction X of the tubular member 20 may become 1/10 or less [ of the pressure in 
the front section of a longitudinal direction X ] and 1/100 more or less. By this, said plasma reactant gas can be 
more efficiently introduced in the tubular member 20. 

[0024] The pressure in the membrane formation room 1 is before and after about ten to 2 Torr, and since the 
pressure of the front section A of the longitudinal direction X of the tubular member 20 also becomes about ten 
to 2 Torr order, specifically, the pressure of the back section B of the longitudinal direction X of a tubular 
member is controlled by the header tank 2-1 and the pump 2-2 to be set to about 10-3 - 10-4Torr. 
[0025] Subsequently, a predetermined magnetic field is made to generate in the longitudinal direction X of the 
tubular member 20 by passing a current to a coil 3. And as for this magnetic field, in the direction vertical to the 
longitudinal direction X of the tubular member 20 of Y, it is desirable to make it converge so that it may 
become smaller than the bore of the tubular member 20. By this, the inflow rate into the tubular member 20 of 
said plasma reactant gas can be increased more, and thin film formation of a up to [ the internal surface of the 
tubular member 20 ] can be carried out more simply and efficiently. 

[0026] Moreover, when the bore of the tubular member 20 is set to r, as for the magnitude of said predetermined 
magnetic field, it is desirable that it is 2.0x1 0-7/rT. When the bore r of the tubular member 20 is 1 .0mm, it is 
desirable that it is 1. Ox 10-4-3. Ox 10-4T, and, specifically, it is desirable to a pan that it is 2.0x1 0-4-3.0x1 0-4T. 
Since said plasma reactant gas can be caught more effectively and the inflow rate of said plasma reactant gas 
into the tubular member 20 increases by this, as mentioned above, thin film formation of a up to [ the internal 
surface of the tubular member 20 ] can be carried out more simply and efficiently. 

[0027] Furthermore, if it goes to an anode plate 4-1 from cathode 4-2, it originates in the DC bias and pulse 
voltage for exciting said material gas and generating plasma reactant gas, and predetermined electric field are 
generated. Therefore, said plasma reactant gas comes to flow in the tubular member 20 according to said 
predetermined electric field. Consequently, the inflow rate into the tubular member 20 of said plasma reactant 
gas increases, and thin film formation of a up to [ the internal surface of the tubular member 20 ] can be 
performed more efficiently. 

[0028] As for the magnitude of said predetermined electric field, it is desirable that it is 20 - 200 kV/m, and it is 
desirable that they are further 20 - 100 kV/m. In the thin film production equipment shown in drawing 1 , 
although the electrical-potential-difference value impressed to cathode 4-2 from DC power supply 5 and the 
high voltage pulse power source 6 is mostly set to a certain within the limits that plasma reactant gas should be 
generated from material gas, said electrical-potential-difference value is suitably adjusted within the limits of 
this, and it sets up so that the magnitude of electric field may serve as a value of above-mentioned within the 
limits predetermined [ said ]. 
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[0029] Since he is trying it not only to prepare a pressure differential, but to generate said predetermined 
magnetic field and said predetermined electric field along with a longitudinal direction X before and after the 
longitudinal direction X of the tubular member 20 according to the thin film production equipment shown in 
drawing 1 as explained above, said plasma reactant gas can be made to flow in the tubular member 20 very 
efficiently. Therefore, a very efficient predetermined thin film can be formed on the internal surface of the 
tubular member 20. 

[0030] The thin film production approach and thin film production equipment of this invention are not limited 
about the configuration and size of the tubular member 20, but can be applied to the tubular member of all 
configurations and magnitude. Moreover, the tubular member 20 can also have the base in which opening was 
formed so that the inflow of the internal plasma reactant gas according to a pressure differential may not be 
prevented. Since the amount of supply of the plasma reactant gas to the internal surface of said base increases 
when this base is prepared to the back section of the longitudinal direction X of the tubular member 20, it is 
comparatively thick and the thin film made into the object in said internal surface of said base can be formed 
efficiently. 

[0031] However, by performing suitably control of a pressure differential, and control of a magnetic field 

according to the magnitude of a tubular member in such a case, the thin film of sufficient thickness can be 

efficiently formed on the inside wall surface of the tubular member 20, and homogeneity and the target thin film 

can be efficiently formed on an inside wall surface and an inside bottom wall side by this. 

[0032] According to the thin film production approach and thin film production equipment of this invention, the 

target thin film can be efficiently formed even on the bore of 10mm or less, and the internal surface of a tubular 

member 1 moremm or less. Moreover, especially in the actual condition, the target thin film can be efficiently 

formed on the internal surface of a tubular member 0.1mm or more the bore of 0.01mm or more. 

[0033] Moreover, in the thin film production approach and thin film production equipment of this invention, 

since the thin film is formed using the pressure differential as mentioned above, and it is not necessary to 

prepare an electrode etc. for every tubular member, when two or more tubular members 20 have been arranged, 

in drawing 1 , the target thin film can be simultaneously formed on the internal surface of the tubular member of 

these plurality. Therefore, production effectiveness of a thin film can be made very high. 

[0034] Moreover, it is not especially limited about the class of thin film formed on the internal surface of the 

tubular member 20. However, high abrasiveness can be given to the internal surface of the tubular member 20 

by constituting said thin film from diamond or diamond-like carbon. Therefore, the tubular member 20 can be 

used as a predetermined slide member. 

[0035] 

[Example] Hereafter, an example explains this invention concretely. 

(Example) In this example, it tried to form a diamond-like carbon film using production equipment as shown in 
drawing 1 on the internal surface of the tubular member by which slit mold opening with a height [ of 0. 1mm ] 
and a width of face of 40mm was formed in the base side and which is the bore of 1mm. 
[0036] First, after fixing above the cathode 4-2 and installing said tubular member, the inside of the membrane 
formation room 1 was exhausted to the degree of vacuum of 10-5Torr with the pump 8. And the pressure in the 
membrane formation room 1 was set as 3.75x1 0-2Torr, having introduced CH4 gas by the flow rate of 
20cm3/min, and exhausting with a pump 8 from the gas installation hole 7. Subsequently, the electrical 
potential difference of 1 ,5kV was impressed between an anode plate 4-1 and cathode 4-2, and CH4 gas plasma 
was made to generate from DC power supply 5 and the high voltage pulse power source 6. In addition, between 
an anode plate 4-1 and cathode 4-2, the electric field of 30 kV/m were generated at this time. 
[0037] Subsequently, it was made for the pressure of the back section of the longitudinal direction X of said 
tubular member to serve as 4.5xlO-4Torr using a header tank 2-1 and a pump 2-2. Furthermore, the coil 3 was 
made to generate the magnetic field of 0.0 IT for a current in the longitudinal direction X of a sink and said 
tubular member. 

[0038] The above conditions were held for 15 minutes, said CH4 gas plasma was introduced in said tubular 
member, chemical composition was performed, and the diamond-like carbon film was generated on the internal 
surface of said tubular member. 

[0039] Drawing 2 is a graph which shows the Raman spectrum measured by the Raman spectroscopy of the 
diamond-like carbon film generated on the inner low wall surface of said tubular member. It turns out that the 
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dispersion peak resulting from diamond-like carbon is observed, and the diamond-like carbon film made into 
the object on the internal surface of said tubular member is formed in about [ about 1360cm - ] 1 and about 
[ 1 580cm - ] 1 in this example so that clearly from drawing 2 . 

[0040] As mentioned above, although explained to the detail based on the gestalt of implementation of 
invention, giving an example, all modification and deformation are possible for this invention in the range 
which is not limited to the gestalt of implementation of the above-mentioned invention, and does not deviate 
from the criteria of this invention. 
[0041] 

[Effect of the Invention] He forms a pressure differential before and after the longitudinal direction of a tubular 
member, and is trying to introduce plasma reactant gas in said tubular member using this pressure differential 
according to the thin film production approach and thin film production equipment of this invention, as 
explained above. Therefore, a bore can form a predetermined thin film simply efficiently also to the internal 
surface of a very small tubular member. Moreover, the predetermined thin film made into the object also to the 
internal-surface top of two or more tubular members can be formed efficiently simultaneously. 



[Translation done.] 
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-> -c firia^ttSiMvfrt «c«iA$-t+*J:^tcL tcmw£j&3- 
mzwitcctzftrnttz. smmi o-i 3©i»r 

cooo i ] 

[0 00 2] 

* 6 *i & ff ttsw*©(*3 Hffl«:*t u r msm&mz mmr 

[000 3] «jttf. V f >^X^«c i£ 

^X-^Slc^rtJc^AL. -7^^aift. n«tt«c^T«: 
-7 X wl gaH*4 ii*ZWteOX7? X vKtStfx ££s£ 
0. Huga^©®«±{CfeC>T{t^^SCL;«rtTfc^ 

[0004] *>*»*jSKIi*'C. if5BaB86 2- 1 36 5 
iCfitill. f3ia , gttW<DF«iaJ-C/Sf4^X*>6>'' 

•7 x •?mjt.tfx zmtSfticBsSL-? z c t *fi& y>h tix t> 

<Dh« SB 7' 5 X-7 Sit. X «: eW&T i C i X S S /c* . 



(3) 

3 

aj-icm^t & C £ z>. 

[0 00 5] 

[0006] mK8M*©rtt$©*# <**>-€■© 

[0 00 7] 

[sssi£ftsifc-r*/cs>©^ig] ±ieew*^^-<< . 

rtSHSitc. ^X^CVDCcJcOfS^rcSJ-T^sfc 

sm<Dairiertl2ffi±«:*j(,»rBffia^'-7X-7jsic^x=&^ 

[0 00 8] ate, wnmwt&ztitciim 
^^sj-r-s^sgf^o-c, ^©^x^cvdss 

[0009] ±0BBft ! 3«:ii^-<<^ 

eea Wia^-c * * c t *mm u tc. 

[0 0 1 0 ] ffi3tM)^7X7CVDS(Ctel,i 40 

^7XvJgIc.y/^«:*^S#te»tt. flJiBJg*4#X©*f 

«tt«w©rtfiifi±«c«i&i,T(,»fc. ctuc»i,r. * 

[0 0 1 1 ] U/c*ir>T. fi6*©*tiJ£4*iJffltte^X 
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&'BVimt<Dp}um±K.*si.>x > B5s57 , 7Xvst&*-^ 

[0012] CO J: *> K.*8m<Dm®ft®l1ji£RZm® 
f^KIStC«tn«. Kl^^mmKsX^vX^E&ii* 

[0013] */c. etKSWSCCSffi&drfcKWSsg.® 

»»[©tttgMvt©f*9iiffi±«:@fl«)<t-rs*© 

[0014] ^fSW©*?* O^SgtiK:*Sl,>-Ctt. JKt§£ 

j&#©£f8:w. m&<gyimt<Dm&i5mc*s<,>xffim<D 

M®*£.C2it. H?gBX^XvSlo^x*B9IBrr^©fi8 
»(c J: -> X MU U U A 5 6fi9IBt WSWrt": SSA <* £ C 

[00 15] ;**.«:. ^HB{c{fe©*f$L^S§filic*ji,> 

mm&vtzmtem^xffisimtKmttotcmA-fzci: 

3W*Ll>. C©lfi^fC*sl>r*>. a5sB'? , 7XvSt&// 
x©95iB'gttg|Jttrt^©iJSiAf!l^*^A-rSirc». BirSB 

wwmtft K.m&? 5 xvsis^x * «t 0 ja^a < ®a 
[ooi6] ±iBSis*fi5c#ia{c<fco-cfrfais*4 

bX%Z>. CCOm^is^Xit, 7 : 7X-7m&ii-A*'3L 

zmmt-rzctvxitz. 

[00 17] 

fc#6. ^Bj©Hia©^®«:s^»ri$,ffl{catta3-ri. 
too 1 8] iiii. ^^©gisi^sijjia©-^^^ 

•c©ii^iasiffl2 - 1 so'^>7 - 2 - 2 fiat§£/«K^ 

IS<i:br©3-r;U3 i. «t§iffi^l8iL/r©FIS4- 
lR^S4-2<b4*x.-Ct<>-5. P9®4- USSttia 
tl. ^®4 -2(C«DCmiS5Scmi3E-'^UX^aa6A5 

[ 0 0 1 9 ] ttc. i&mw. 1 lammomfttfxzmA 
tcst^t5^< . mnx^mtisX<D*>-78&fkvtiti 

X\<>Z. 36tC. BE^It9RO'.«l 0*»iftW6*l. 0cJ® 
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C 0 0 2 0 ] Sttfft* 2 0 ©|*l!gffi±^©t$lgft$a«:y 

T©<fc5tci/T§u&rr 

[oo2i] mute. immiPi*#>7ZK&'>xm 

w#zzi8.®m interns**, -eot. #>zf8K.£ 
znmttem-? r . isms i ^^©Jtssttssis-r 

C 0 0 2 2 ] :XtvC. DCmi!S5K:J:o-C^©DC-'-? 

[ O 0 2 3 ] iKO-C. #>72-2J:9EEaP!BM2- 
l*^L-C®ttSHW2 0*iSS3ii/c^S4-2^ffl* 
L , ff tt«M* 2 0 <Dg*#|6j X (Dwl'iklC fct, > -CE2) 
M££D<*tf£. St»:SW^2 0<OS^|SjXB?fStc*jW 
*E^«. 'g«S15tt2 0©S^(6]X©^SI5(C4bW 20 

SE;W. s^*raix©B>r*SB«c*jwsE*©i o#© 

[0024] H&fflfctt. «Ji^ 1 ^©E^ttift 1 0 
-'Tor rBiF«-C*f). «tfc8M*2 0©g##|SlX© 
BiHfrSISA ©E*J 1 0" 1 To r r m&t fr*©-C. 
««SW<DS^*[filX©m^8PB©E^«. ifftlO- ' 
-1 0" 4 To r r (C^i«k^(cE*3S$S4t2- ISO' 30 
# > 7- 2 - 2 fc <fc o x $r<8i-r S. 

[0025] ^c^-c. ri-c^atc^b-ctss&^jfe-rci 

KJrO. gt*SM*2 0<DS^ifi)XfCteUt:»rS©fiftl8 
eUT. commit. Htfi8ISfct2 0©S 

*^rsjxi^jl^Y^[fi)K:*jc>r. ^ttSPW 2 o ©rti£ 

CC «fc o-C . Bl^BX^ X^£l£#X©1f «8M* 2 0 1*9^© 
«5A«l^«rJ; , 3te^3-l*-SCt*iTS. §t*:SW*2 0© 

Ci*s-C*S. 40 

[oo26]$fc, meffiTZommo** $ «. ®t*sfi 

1*2 0©rt&£ r £LfcJfldtC*»l>?. 2. 0X10 
" 7 / r 7X$>2>C LI*. =R<*fc){Ctt. 1£tfcS5 

t*2 0©rtSr*>*l . 0mm-C*5t|^tc*jl,»r«. 
1. 0X10" 4 -3. 0X10" 4 T?*5CtW 
*L/<. 36tC«2. 0X10" 4 ~3. OxiO" 4 

Tx&zcttw*^. cncc<fc->t\ ffigB^xv 

tK3B#2 0rt'v©m(ia7-7XvJRtc;^x©8SEAS«^A«e 

mfjaiLfcjc^K:. ■gtKSM^ o©f*?sts± so 
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[0 02 7] <**>«:. &®4- 2 A>6ff§®4 - 1 

tSrT i>tctb<DD C'W TXSC'-''tJl'XISE«:eH L-TSf 

SlotfXtt. B?f2B»r^©^lc L tt&iX'g tKSRtt 2 0 
(*3{cii£A-f SJ:5CcftS. C©*S51. MIB^XvSic; 

//x ©etas** 2 o ^©«EAg()^j!>«eA o . stfcgw* 

2 0 ©l*3ilBB±-©W)§Jf^?: <fc OSSWWiJCif 5 C tUfi 

[0 028] H>TfBi?T;£©1lJ§©*S 3«. 20-200 
kV/mt*5CiWSK, 3?»fctt2 0-10 0 

kv/ m -c*5ciwsu>. mitcm-rmm , m%i 

■Ccfel'TM:. M*4#xa>6^5X^£J£.#X££jST 
"<<. DC^j®5SO-SE^*JU^mj®6*>6^«i4-2 

C©f5Hrt{C*}l»-CBiJiBSEfia*Jia«:ieg!SL. 

[0029] W±i&9§ Ltc£ 5 (C. a 1 {C^TSSM^SS 
J^Cfciatf. S«gPW2 0©S#^[fiJX©M*CC*j^ 
-CE2>££t2W SOFT'S/: <. S^|fiJX«Cj&-o-CHiri2 

<,>&©-c. fria^xvsir^^?:@«)-c^a< < g« 

^2 OrtKifiASttSC L,fc*^T. * 

2 0 ©F*9ii®±K:tol>-Cg«>-C3a^ < 

[0030] *^©^fP3St^SSOli5)glf'PS!!Slig 

/crtg(57 , 7X^sit:^^©a5A* < Pi±3n/ k <£Ci«t^ic > 
isffi^g^euw 2 o ©s^isjx <o^&ncm u xm-t 

tc®&tt. ijiBSffi©(^llffi(c*t-rs^7X-75lt.^x 
©«.tSffia<i9A"r -S fcaotc . B5iBJSffi©H«iBrtSfficc 

[003 1 ] 1/*>L&#6. ^©.fc^^^fCte^-C 

<>, ©^^©A^sfc^^-a-c. E^M©fiiaj&o'fi8 
«©w»*ata(ctf ^ c i tct *y . m«si5« 2 o ©wfiy 

[0032] *^©g5®fPK3?ffiSO-a?Kf^SISK: 
<t*a«. F*9Sl OmmtlT. 3 e.«C{i 1 mmJitT©^ 



7 

tc S ffj £ T < 4 C £ #f * 4. 

1 o o 3 3 } ttc. xmiommim-timjsivmmim 

[0034] * tc. <g«SPW 2 0 ©l*l«tffl±(CffJ)£f * 10 

6. BUieSlia4y-fi'*> KXttf KttMSR*> 
<=>t8fi£;<r£c£tCJ:-?-C. -gttSIJtt2 0©(*3gffiiCi£<.> 

2 o *§TS©fflai)aj«t L/ x&m? * c £ ^r* 

[0035] 

m. 014 0 mm©* l> HJBJPSPrt^EXSftfc. I*3& 20 
1 m m©&tKS«*©F*3§tflS±K: . 0 1 &C^"T <fc -5 &fe» 

[0036] g?fatt»:aj*t*pgS4 - 2 ©±# 

1 0" 1 To r r©SSS$TefHl/c. 
i»A?L7 J;»)CH, </^2 0 cra'/mi n©i>Sffi-C 

3. 75X10" Tor rtCKJEO/c. Xt»T-. DC 
Sjgt5RJ>*i3E^-JU*miK6J:^P§e4- iaomS4 30 
- 2 fffltc 1 . 5 kVcDmffi^EnftDL. CH. 
-7*£fiSS-t*;rc. C©£s»BBfiS4- 
-2P8«C«3 0 kV/m©®©#£jjS3ft/c. 

[0 03 7] yct>-C. H2H®H«2- lRO*tf>7"2 - 

4. 5x 1 0- 4 To r r £&SJ: 5 (CUTc. 36tc. 

3-nu3KSflK*ifcu ffirse^swtos^isixccjtf 

l,»-C. 0. 0 1 T©!8t©£ffe£3t!-fc. 
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[0 03 8] ±i*©«J:5fttWi§£ 1 5^[S^H!pt. Bute 
CH« ^X^7X-74H5i2'gttSettrttCi!lAl/. -fb^W 

[0039JBI2B. Mi2St*SM*©l*J<5l2ffi±tC£)S; 

5 K:. ftl3B0cm' ' ififfcRCM 5 8 0 c 

[0040] ell Mttmzmtf ftwommco 

[0 04 1 ] 

7cA* -5 TT . F*9&**&S{>-C/h<* 1 >©tK8l51vt©l*iSffi«C#t L, 

z>. ttt. a»© , sttan*t©rtSffl±«:«Lrfeew4 

5. 

[HE<DtB#&9IMIM 

[H 1 ] *»Wfl!)W«fWI«BO-«*jS-r«B8H-C* 

s. 

1 fiJc^M. 2-1 JEEftHBM. 2-2 *>7\ 3 
4-1 m«. 4-2 Hk«. 5 DC1 

aa. 6 mz>*)\'X.mm> i #*j&A?i. 8*>7\ 

9 JEE&Sh 10 1. 2 0 -gtKSW* 
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